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SPECIFICATION 
TO ALL WHOM IT MAY CONCERN: 

We, Willy Michel of Burgdorf, Switzerland, Ulreich Haueter of Grosshochstetten, 
Switzerland, and Thomas Frei of Lutzelfluh, Switzerland, all Citizens of Switzerland, have 
invented certain new and useful improvements in a 

Sensor System Including a Port Body 
of which the following is a specification. 



Title: Sensor System Including a Port Body 

RELATED APPLICATIONS 

This application claims the priority of German Patent Application No. 198 22 71 1.6, filed 
May 20, 1998, which is incorporated herein by reference. 

BACKGROUND 

The invention relates to a process and a device for accessing and analysing body fluids. 
More particularly, it relates to an implantable device for providing access to the interior of the 
body and for providing for detecting the concentration and/or existence of substances in body 
fluids, wherein the device provides a vehicle for both delivery of substances into the body and for 
analysing of body fluids. The invention encompasses various embodiments wherein the body 
fluids may be analysed in situ, or partially or completely extracted or aspirated for analysis. 

A number of procedures exist in medicine for detecting the concentration and/or 
existence of substances in body fluids. When testing for blood sugar concentration, for instance, 
there is the option on the one hand of piercing the patient's skin, such as on a finger, for testing 
the blood sugar content of blood drawn in this manner. Virtually any intercellular fluid may be 
examined in many different ways and for different characteristics using a selected "test strip" 
after such a fluid has been obtained. Another piercing procedure involves piercing the skin with 
needles for introducing and/or retrieving a sensor at a test point in the body. 

However, a severe disadvantage or drawback of such invasive techniques is that they are 
generally unpleasant experiences to the patient. Another related drawback is that a piercing may 
be required for each desired test, and such piercings may be frequent and repeated. In addition. 
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needle-type sensors will fail due to being affected and/or rejected by the body after a very short 
time (approximately half a day). 

Non-invasive techniques, for instance detecting said concentration by fluoroscopic 
methods, have not yet been adequately developed to obtain sufficiently accurate values. 

Port bodies, implanted subcutaneously or percutaneously and used for administering 
drugs through tubular channels, are known from at least U.S. Patent 5,306,255 and EP 0 302 076. 

SUMMARY 

The present invention provides an implantable device for providing access to the interior 
of the body and for providing for detecting the concentration and/or existence of substances in 
body fluids, wherein the device provides a vehicle for both delivery of substances into the body 
and for analysing of body fluids. 

It is an object of the invention to provide a method and a device for detecting the 
concentration and/or existence of substances in body fluids by which the disadvantages of the 
devices and methods described above are overcome as far as possible. Another object of the 
present invention is to help avoid pain and inconvenience for patients. 

The invention provides a device and method for analysing body fluids wherein the body 
fluids are accessed via an access means implanted in the body. 

The inventive method for detecting the concentration and/or existence of substances in 
body fluids attains this object by accessing the interior of the body and any fluids to be analysed 
by an access means implanted permanently or semi-permanently in the body. 

Many patients needing regular medication due to the concentrations of certain substances 
in their body fluids being too low or too high, are being administered the regular medication 
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through an implanted, artificial access means providing access to the interior of their body. The 
process according to the invention has an object of using such implanted access means for 
gaining access to body fluids so the fluids can be analysed. Access means, which may comprise 
quick-replacement elements such as a framed sealing diaphragm, may be permanently or semi- 
permanently implanted in the body, and include structures or features which end at parts of the 
body where no blockage of the endings will occur for some length of time. Such access means 
may be designed to ensure that attacks by rejection mechanisms of the body or attacks by body 
cells will not affect their function at least over a predetermined period of use. According to the 
present invention, these aspects of typical access means may now also be used for accessing body 
fluids. It is an advantage of the present invention that permanent or semi-permanent implanted 
access means may be used to allow access to body fluids for analysis over an extended period of 
time and/or to allow for repeated sampling or analysis of body fluids, while sparing a patient the 
discomfort of repeated piercings. 

According to one embodiment of the present invention, access to a body fluid may be 
effected through a permanently or semi-permanently implanted device for administering 
medicaments and, in a preferred embodiment, through a port body implanted in the skin, wherein 
the port body comprises a tubular arrangement extending into the interior of the body. 

In one embodiment, a port body is suitable as a permanent means of access for 
administering insulin, and is implanted into the umbilical vein within the abdominal cavity of the 
body. The abdominal cavity, the peritoneum and the umbilical vein have proven to be 
advantageous sites for the administration of insulin, due to insulin being resorbed faster there 
than after subcutaneous administration. Owing to the fact that insulin consumption takes place in 
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the body cells as such, the cell fluid also seems a suitable place to measure the blood sugar 
content, due to measuring a central average in this case directly at the place of consumption. 
Accordingly, port bodies according to the present invention are suitable for the administration of 
insulin into the abdominal cavity and as access points to body fluid to be analysed. 

Although said port bodies are invasive devices, one-time implantation typically will be 
sufficient, whereby, in a port body in accordance with the present invention, a patient no longer 
must experience the pain and inconvenience of subsequent repeated access to body fluids for 
testing purposes. 

One embodiment of the process according to the invention is characterized by a test 
^0 sensor being introduced into the interior of the body ttirough the access means for detecting the 
^ concentration and^r existence of substances, with detection being performed at that point. This 
^ creates a chance for continuous and intermittent testing, whereby the sensor remains at the test 

site in the interior of the body and is introduced via a separate tube when using a port body 
il comprising a tubular system. 

In another embodiment of the invention, a test sensor remaining in the interior of the 
body takes body fluid from the interior of the body through the access means, followed by 
analysis at a point remote from the point of retraction. Body fluid is still analysed, for instance, 
within the body, preferably at an intermediate point of the tubular system, by means of a sensor 
and is aspirated for this purpose to a selected point. The benefit of using an intermediate point as 
a test site is that any deposits, which might arise at the end of the tube, by which access may be 
effected, will not have any negative influence on the accuracy of tests. Also, the tubular section 
between the ends, both interior and exterior, protects a test sensor provided at an intermediate 
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point of the tube against direct contamination. Further, constancy of temperature is ensured. 
When the sensor is replaced, the abdominal cavity is not affected. 

According to an alternative embodiment of the process according to the invention, body 
fluids may naturally be aspirated away or extracted from the body for analysis. 

In addition, a preferred embodiment of the invention uses a dialysis microprobe by which 
substances are extracted from body fluids. 

The device for detecting the concentration and/or existence of substances in body fluids 
according to the invention comprises an access means to the interior of the body, permanently or 
semi-permanently implanted in the body, and adapted for allowing access through said access 
means to body fluids for analysis thereof, in situ. In other embodiments of the present invention, 
the body fluids may be aspirated to a selected point with in the access means for analysis, or they 
may be removed completely from the body and access means for analysis at a remote location. 

Preferably, in one embodiment, the access means is a permanently implanted device for 
administering medicaments, in particular a port body implanted into the skin, comprising a 
tubular system extending into the interior of the body. Such a port body may be implanted 
subcutaneously, as well. 

The access means or port body of the present invention comprises tubes, passages or 
pathways by means of which a test sensor may be introduced into the interior of the body or to a 
selected location along the passages or padiways. The access means preferably comprises a 
separate tube for the introduction of a sensor. 

One preferred design of the device according to the invention is characterized in that the 
access means is associated with a dialysis microprobe through which substances in body fluids 
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are withdrawn. The microprobe may be either permanently or removably associated with the 
access means. 

Furthermore, the invention refers to the use of an access means to the interior of the body, 
permanently or semi-permanently implanted in the body, through which the concentration and/or 
existence of substances in body fluids are detected and/or analysed. 

Other objects, features, embodiments and advantages of the device and method of the 
present invention will become more fully apparent and understood with reference to the 
following description and appended drawings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts an implanted port body adapted according to the present invention. 

DETAILED DESCRIPTION 

The accompanying Figures and this description depict and describe embodiments of the 
port body and methods of the present invention, and features and components thereof. With 
regard to means for fastening, mounting, attaching or connecting the components of the present 
invention to form the device as a whole, unless specifically described otherwise, such means are 
intended to encompass conventional fasteners such as threaded connectors, snap rings, clamps 
such as screw clamps and the like, rivets, toggles, pins and the like. Components may also be 
connected by adhesives, glues, welding, ultrasonic welding, and friction fitting or deformation, if 
appropriate. Unless specifically otherwise disclosed or taught, materials for making components 
of the present invention may be selected from appropriate materials such as metal, metallic 
alloys, natural and manmade fibers, vinyls, plastics and the like, and appropriate manufacturing 
or production methods including casting, extruding, molding and machining may be used. 
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Any references to front and back, right and left, top and bottom and upper and lower are 
intended for convenience of description, not to limit the present invention or its components to 
any one positional or spacial orientation. 

Referring then to Figure 1, a port body 10, an implantable or partially implantable device 
for operably coupling a conduit or hose outside of a human or animal body to a catheter, hose, 
conduit or the like inside the body, is shown implanted in the skin 15 of a patient (human, 
animal, etc). The port body 10 comprises a shaft section 1 1 to which an approximately disc- 
shaped anchoring section 13 is attached, acting as an anchor or attachment for anchoring, 
attaching and/or stabilizing the port body 10 in (or under) the skin. 

The shaft section 1 1 forms a hollow enclosure containing and/or supporting an elastic 
self-closing diaphragm 12, 

Separate tubes extend generally perpendicularly away from the innermost, lower end of 
the port body 3, including a feed tube 23 (the full length of which is not shown) and a shorter 
aspiration tube 21 . A feed catheter 24 and an aspiration catheter 22 may be introduced through 
the diaphragm 12 into each of the tubes 23 and 21, respectively. Although the tubes are shown as 
extending perpendicularly away from the port body 3, they may extend away therefrom at another 
angle. Also, in some situations, a port body may have more than two associated tubes, and the 
tubes 23, 21 may be adapted to contain more than one catheter each. 

The tube 23, either the mouth thereof or a point or points along the tube 23, is supplied 
with a drug, such as insulin, through the feed catheter 24, whilst from a point or points adjacent 
to or at the end of the tube 21, e.g., at its open mouth, body fluids may be withdrawn through the 
aspiration catheter 22. 
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Figure 1 shows fastening sections 14 at the top of the shaft 11, provided for connection of 
the upper sealing and/or closing caps of the catheters 24 and 22, not shown in the Figure. 

The feed tube 23 is preferably of a standard length of 150 or 180 mm, whilst the 
aspiration tube 21 presumably has an approximate minimum length of 30 mm, preferably 60 to 
120 mm, possibly even 180 mm. This arrangement therefore clearly shows that this port body 
may be used both for the supply of drugs through the feed catheter 24 and for access to body 
fluids through the aspiration catheter 22. The tubes 23 and 21 preferably extend into the patient's 
abdominal cavity where cell fluid can be found, which may be provided with a drug or analysed 
for specific concentrations. 

The dashed arrows show selected various test sites for testing the concentration or 
existence of certain substances. For example, a sensor may be applied to test point 25 where fluid 
is aspired from the bottom end of the catheter 22 somewhat upwards, in order to perform a test 
precisely at this intermediate point 25. As described above, a sensor attached at point 25 would 
be protected against deposits by the lower section of the tube 21 and/or the catheter 22. 

When a test is performed at a point where no major deposits are to be expected, a test 
sensor may also be attached permanently or removably at a point marked by the dashed arrow 26. 
The benefit of this detection method lies in the fact that aspiration is no longer required and 
detection will be feasible directly at a specified test point. 

In the two embodiments described, where the test sensor remains permanently in the tube 
25 and/or on the end of the tube 26, an electronic test sensor is used, the connecting wires of 
which may be routed out of the body together with the catheter 22. 
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Typically, electronic test sensors suitable for use in the present invention conaprise a 
working electrode, a counterelectrode and a zero-current reference electrode. When the shaft 1 1 
of the port body is of a metallic material, the shaft 1 1 may be used as a reference electrode or 
counterelectrode, thus allowing simplification of the electric sensor during the said tests 
according to the invention. 

Another option for using the arrangement shown in the Figure consists of inserting a 
probe (not shown) through the tube 21 for one-time testing or for each individual test. In this 
embodiment, the probe may comprise a test strip for detecting a concentration. Taking and 
evaluation of a reading may be performed in inserted condition or after removal. 

According to the present invention, a fluid may be aspirated or removed from the interior 
of the body through the catheter 22 and, as depicted by the dashed arrow 27, analysed at a remote 
laboratory. 

In the foregoing description embodiments of the invention have been presented for the 
purpose of illustration and description. They are not intended to be exhaustive or to limit the 
invention to the precise form disclosed. The embodiments were chosen and described to provide 
an illustration of the principals of the invention and its practical application, and to enable one of 
ordinary skill in the art to utilize the invention in various embodiments and with various 
modifications as are suited to the particular use contemplated. All such modifications and 
variations are within the scope of the invention as determined by the appended claims when 
interpreted in accordance with the breadth they are fairly, legally, and equitably entitled. 
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